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Multichannel observations permit classification of the degenerate starsyand the colors are highly correlated with
their luminosities. From about 5000 to 50 000°K the color-magnitude diagram can be explained by a constant
mean radius 0.0109 R, from theoretical calibration of the colors. The most useful color is that from 1/A=2.12
to 1.25 p7!; the scatter in M | g5 from good parallaxes is less than £0.44 mag. Three different colors predict
M |35 within £0.17. Table II contains the MC data on 181 stars; Table III contains 72 stars, of which 67 have
directly determined M ;. Table V contains predicted parallaxes (many of them easily measurable) and space
motions. These degenerate stars have intermediate velocities (old disk and Population I) and only 3% have halo
motions. The median luminosity for 178 stars is +12.2; few are very bright (<10) and few are faint (> 15).
Thirty stars without parallax have been added with M >13, i.e., cooler than 7000°K.

APID production of good parallaxes for faint
stars has made possible recently a straightforward
study of the color-luminosity relation for white dwarfs.
Earlier studies were based on then available parallaxes,
cluster or binary star membership, and broad-band
photometry. Astrophysical interpretation of such colors,
Stromgren photometry, or scans, together with interpre-
tation of line profiles lead to temperature, surface
gravity, and radius. In this paper, multichannel
photometry at the S5.1-m Hale reflector is combined
with available parallaxes to obtain various color-
luminosity relations. These are used to obtain the
mean radius. They also provide interpolation formulae
to predict luminosity and space motion for a larger
number of degenerate stars, for which parallaxes are
lacking. For these we can also predict parallaxes which
will be worth measurement. It is a pleasure to express
my indebtedness, as an astrophysicist, to those whose
careful astrometric work made this straightforward
approach possible. Not only the number, but the quality
of parallaxes have greatly improved. In Eggen and
Greenstein (1963) there are 19 white dwarfs listed with
useful parallax. Of them, two are too far south for any
further observation (EG 82, 165), and one (EG 96) is
not degenerate. In this paper there are 67 stars with
relatively reliable luminosities, of which only a few are
calibrated by a common proper companion.

This is the first in a series of papers employing multi-
channel (MC) photometry to study proper motion
stars. Oke’s (1974) paper describes his measurement of
AB monochromatic magnitudes for white dwarfs.

specifically affect the colors of white dwarfs. The
breadth of the hydrogen lines (=70 A) and the resolu-
tion I used (normally 40 A at \<5700, 80 A at A>5700)
combine to depress the observed continuum at A <4340
in DA stars, well before the Balmer limit. There is a
residual uncertainty in the absolute calibration centered
on A3880, and it is possible that the Balmer jump should
be larger. These affect the visibility of weak Ca 11 lines
in DA, F, or DF stars.

The observations reported here are generally based
on one scan per star. The appearance of the scans is
shown in Figs. 1 to 3 of Oke (1974), some at higher
resolution (20/40 &), or based on more than one scan
per star. My statistical errors are usually less than
+0.02 mag, except in the infrared or for very faint
stars. Quality and resolution are graded A-C in the
data table, but the significant errors largely arise from
the uncertainty in luminosity, or in line blanketing.
It is difficult to present MC data in full, since there are
120 measured points. The white dwarfs have relatively
simple spectra; measurement, with some smoothing,
at a limited number of wavelengths, eight, is sufficient
for classification and colorimetry. Information concern-
ing these is in Table I. The full MC output will be used
elsewhere, for fitting model atmospheres. We find that
only a few colors are necessary for the luminosity
calibration. Since the tables are machine printed,
capital letters are used to name the central frequencies;
a color G—R corresponds to m(2.12)-m(1.44) or

TaBLE I. Monochromatic magnitudes and colors used.

AB= —2.5log f,—48.60. 1 N
(') Name Color Remarks
Here f, is the. flux in ergs/s'ec/CI.n?/Hz based on the 1.00 I*  R*—I*  Useful for dM stars
Oke and Schild (1970) calibration of a Lyrae. Oke 125 7T R—I - Related to Kron broad band
finds that the MC does not give absolute photometry 1.44 R G—R Affected by Cs in M670 stars
of the same quality as broad- or narrow-band photo- !%2 &*  B=V A%ecgtz((iBb_ngI_T_olflMDA; (B=V)em
electric photometry, because a standard extinction 1.85 v Vo~ V+0.05
table is used in the computer reduction. The inter- 212 G~ U-B Bal’%erg(;‘mmw —B).=0.89(U—B)
mediate standards are five well-calibrated sdG stars, , 35 B o
which are nearly line free. The colors obtained are 2.80 U
better than the absolute photometry. Two problems
323
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alternatively to [2.12]-[1.44], where the frequencies
are in inverse microns. The bandwidth Ar/» is about
19, much less than the conventional UBVRI magni-
tudes. When the latter are referred to, the subscript ¢
is used. A variety of color-luminosity diagrams were
prepared (M .0, M2,55, M1.25, M1.00) but only those at
1/\=1.85, i.e., MV, or M,;, are presented here. The
transformation to the broad-band My, is simple, i.e.,
V.=V-+0.05. The extra information on luminosity
the other diagrams contain is not large, because of the
relatively smooth white dwarf continua. This is clearly
not true for the dM stars with strong TiO bands.

I. NOMENCLATURE, CHARTS, SOURCES OF PARALLAX

I have used Oke’s 37 degenerate stars in my Table 1T
which contains 150 further degenerate or probably
degenerate stars. For some of these, brief data appear
in my series of nine papers on degenerate stars; the
bibliography and numbering are in Greenstein (1974,
1975). For simplicity I retain the numeration as an
EG series, although only the first three papers (through
EG 202) were published with Eggen and stars after
EG 266 were given Gr numbers. The heading EG is to
be understood as an EG or Gr number; Eggen is not
responsible for any errors in data subsequent to EG 202.
An effort has been made to systematize nomenclature
by using the G (Lowell Observatory) designation
wherever a Lowell position and chart exist. [See
Giclas, Burnham, and Thomas (1971) for northern
stars and various Lowell Bulletins for southern.] Next,
the Gliese (1969) catalog numbers were used, since
broad-band colors, parallax, and motion and other
designations are included; many of these GL stars are
relatively bright. Next, the various Luyten (Minnesota)
series names are used (L, LB, LP). His published charts
(Luyten 1949) are useful, and include some GL stars
but also some important still unobserved binaries. The
important Pleiades member LB 1497 (Luyten and
Herbig 1960) is included with a modulus of 5.55.
Ascription of certain DA stars to membership in the
Hyades cluster or group seems somewhat uncertain. I
use the list of van Altena (1969), a modulus of 3.20,
and the designations (HG) from Giclas, Burnham,
and Thomas (1962), which contains charts. In this
utilitarian process I apologize that some famous names
have unfortunately disappeared, GL 166B is 40 Eri B;
HG7-255 is HZ 9; the first known magnetic white
dwarf, +70°8247, is G260-15, but is also LFT 1446
and EG 129; the important cool DA with very large
proper motion, LP9-231, appears as G259-21. For stars
for which no chart has been published, I will provide
them on request.

Preferentially, the parallaxes are from the U. S.
Naval Observatory series under the leadership of K. Aa.
Strand (Riddle 1970; Routly 1972; Harrington et al.
1975), from the Yerkes series, called Y (van Altena
1971; van Altena ef al. 1973a, 1973b, 1975). Finally,
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individually published values, and those from the Yale
Catalogue are used and called “old.” The system of
weights is arbitrary. In Table III, the symbol Q is 1
for a recent p>07068, 2 for 07067>p>0"7040, 3 for
07039>p>0"020, and 4 for 07019>»>0"010. If the
parallax is “old” Q is increased by unity. If the absolute
magnitude is from cluster membership, =35, and if
from membership in a resolved proper motion pair,
Q=6. A few have measured p too small to be useful
and are listed with Q=7 to elicit observer’s attention.
It is particularly unfortunate that the double white
dwarf G206-17/18 (EG 373, 330) has no parallax. The
Q symbols were used to set weights in fitting by least
squares, unit weight for Q=1, 2, 5, 6 and half-weight
for Q=3, 4. The list is still too small, containing 67
useful stars of which 19 are given half-weight, to settle
many important astrophysical questions concerning
degenerate stars, especially the width of the color-
luminosity relation. The My for stars of Q=6 are
obtained from calibration of the red companion by MC
photometry of main-sequence stars of known parallax
(Greenstein, in preparation). Their accuracy depends
on the cosmic scatter in the color-luminosity relation
for G-K-M stars.

II. THE COLOR—ABSOLUTE MAGNITUDE DIAGRAMS

The magnitudes observed for the parallax stars are
given in Table II, and their colors listed in Table III
together with the parallax Mis. The contents of
Table II are described in the section labelled Data; Q
in Table II is the quality of the MC scan; in Table III,
Q is the quality of the parallax. In addition, in Table
III the tangential motion in kilometers/sec, as derived
from the parallax, is listed as T. The EG (or Gr) number
is given, together with remarks, including suspected
variability. Zeros are given for M1.g; when the measured
parallax is too small to use (Q=7) and under P when a
common proper motion modulus is used. The detection
of EG 98 (HZ 43) as a source of soft x rays (Hearn
et al. 1976; Margon e! al. 1976a) and of extreme-ultra-
violet radiation (Margon et al. 1976b) leads to its
inclusion in Table III, in spite of its small parallax,
given by Margon ef al. (1976b) as 070164-07004, from
Allegheny measures and Lick observation of its dM
companion. It helps define the upper hot end of the
white dwarf sequence, together with EG 247 (G191B2B)
a possible common proper motion star with a sdK
companion. Both stars have half-weight. HZ 43B was
noted as possibly variable by Eggen and Greenstein
(1965), possibly observed during a flare; a 400 A mm™!
spectrum in 1971 showed it as of fairly early dM type
with HB and Ca 11 emission. The next brightest star,
G238-44 (EG 102), has a poorly determined “old”
parallax. It is unfortunate that the high-temperature
end of the degenerate star sequence cannot be more
accurately calibrated, even now.

The M5 is so close to the broad-band My, both
centered on A5400, in a line-free region, that the table
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Notes to Table IT

The REF code is as follows: 1 is poor MC data; 2, poor U measure; 3, possibly red subluminous star; 4, possibly neither main-sequenec
or degenerate; 5, member of resolved doutle; 6, member of common proper motion pair or cluster; 7, suspected spectroscopic or un-
resolved binary; 9, broad-band R—I or radial velocity available. Under MU will be found the symbols 1, 2, 3, which refer to Lowell
proper motion classes for the small-motion GD stars (Giclas, Burnham, and Thomas, Lowell Obs. Bulletin, Nos. 125, 141, 153). From
estimates of the mean motion for these we adopt (5logu;)=—>5.62, (5log uz)=—4.12, and (5 log us)=—3.14. These result in less
certain values of H, T, U, V, W and produce extra dispersion in the space motions. GR 397 was previously called EG 243; GR399=EG

244; GR 400=EG 300; GR 402=EG 281.

and the figures can serve equally well as visual absolute
magnitude diagrams. Diagrams generated at other
wavelengths could approximate photographic or near-
infrared luminosities. The R*—I* colors would be
useful if either metal-rich or very cool degenerates are
found. The My s; are plotted in Figs. 1-5 with symbols
permitting identification of the spectral classification.
No clear dependence on space motion, T, is noted. For
four of the diagrams a cubic fit was obtained by least
squares, using weights already described. (The differ-
ences between the weighted and unweighted poly-
nomials seldom exceed 0.12 mag.) The coefficients of
the polynomials are given in Table IV, together with
the mean deviation o of the observed M;gs of the
parallax stars from the polynomial. The cubic fit has
no physical meaning, but the ¢ show that G—R and
G—1I are good luminosity indicators, B—V only
slightly inferior in spite of its steep slope (C1=5.2),
and U—V the poorest indicator used. The cause is
clearly seen in Fig. 3, where the Balmer jump, U—B,
differs greatly between hydrogen-rich (DA) stars and
hydrogen poor (DB, DC). Thus, in fact, the choice of
(U—V). in the early calibration of My, by Eggen and
Greenstein (1965) was unfortunate. Although G—71
and G—R colors are both determined at frequencies
greater than the Paschen limit, apparently the slope
in that region does not vary greatly with the hydrogen-
to-helium ratio. The usefulness of the present B—V
([2.35]—[1.85]) suggests that photometry with a
suitable set of moderately broad filters could be useful
in the blue to visual region, if the bands excluded Hy
and nearby He 1 lines.

Another determination of the scatter of points about
the polynomials is provided by computing My (ptm)
from the polynomials for all three colors, G—R, G—1,
B—V, and forming the My. Compare this with the
trigonometric My g5 by forming AM y= M g;(trig) — M.
For 34 stars with Q=1, 2, AMy=+0.1040.08 with
o==40.44; for 29 stars of 0=3, 4, 5, 6, AMy= —0.08
+0.13 and ¢=£0.68. The dispersions are smaller than
in Table IV because errors introduced by the various
colors (or blanketing effects) are independent and
should average out. That part of the deviation intro-
duced by the parallax error remains unchanged. Com-
parison of the My (ptm) computed from the three
different colors shows them to be remarkably accordant,
with a ¢=+0.17. The first possibility is that the color—
luminosity relation for degenerate stars has remarkably
small spread, and that the observed deviations from
the mean are still largely caused by parallax errors.

Another possible interpretation is that all three colors
used are highly correlated, and displace the star in the
three different color-magnitude diagrams by similar
vectors. For example, a composition difference might
affect them all in a similar fashion, e.g., change the
average slope of m, from I to B. We will see that
parallax errors may still be significant, and that further
improvement in accuracy is needed for many of these
stars.

The internal errors of a good recent parallax are
quoted between 407002 and =407004; let us assume
that the true errors may be twice as large as the internal
errors. Consider the stars for which recent, large
parallaxes exist, Q=1, p>07068. There are 34 with
p=07089; a =41-¢ plausible range of p is 07081 to
07097, or 0.20 mag. If +2-¢ range in true error is
taken, the spread approaches 4-0.39 mag. But for 19
stars with Q=2, $=07056, and a 2-¢ true error give
4+0.64 mag. Thus, without asserting that true parallax
errors are always double those internal errors quoted,
a good fraction of the stars in the Q=1, 2 sample have
M (trig) errors of £0.30 mag, which combines with the
colorimetric errors (and differential blanketing) to
suggest that most white dwarfs of a given color lie in a
narrow band of luminosity. The dispersion must be less
than quoted in Table IV (i.e., <=+0.60), very probably

is less than +0.44 (from AMy) and might conceivably
be as low as #=0.17 (from the agreement of My from
the three different colors). This provides a very strong
argument for a small range of radii and therefore of
masses.

Use of small parallaxes has well-known systematic
effects on the luminosities derived; one arises from the
increasing asymmetry of errors in M as §p/p becomes
larger. More serious is the selection effect, which is
harder to evaluate; random choice among data with a
normal distribution is prevented by the use of a lower
limit to the acceptable parallaxes. A systematic error
which, it is hoped, is less than 0.30 mag might be
expected at the bright end, where the parallaxes are
all small. The statistical corrections vary as ¢% and
we may be considerably underestimating their import-
ance. Probably, future discovery and calibration of
very hot degenerates in common proper motion pairs
will provide the needed calibration at the bright end.

Omitting the uncertain, hottest stars, EG 98, 247,
all the degenerate stars of known parallax lie between
0.9< M, 4<15.7. The hot stars extend the bright
limit to 8.4; it should be remembered that, at a fixed
radius, M g5 will increase only linearly with tempera-
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F1G. 1. The absolute magnitude .55 (or My) of degenerate stars of known distance as a function of MC G—1I color (1/A=2.12 to
1/A=1.25). The third-degree polynomial plotted is fitted by least squares, with a mean error o(Mv)==40.56. The size of the plotted
point reflects the quality of parallax; Q=1, 2 largest, Q=4 smallest. Symbols for the spectral type in this and following figures are
DB, diamond; DA, octagon; DC, X; DA,F X; borderline types DA-DC, or DF-DC, triangle with vertical bar; DF, DG, DK, star;
composite, open triangle; polarized DP, Y ; carbon (\4670), Z. The discrepant point at the upper right is EG 38 (HG7-255), a composite
dMe-+DA. The DA and DB stars are well mixed. Calibration in terms of effective temperature and radius is in Table VI.

ture. A blackbody of infinite temperature has G—1I
=—1.15, G—R= —0.84, B—V=—0.52, and very hot
stars would therefore lie along a nearly vertical locus
at those colors. Inspection of Table V shows few

extremely hot, bright stars; the predicted My.s;, from
their colors, for the bluest, are 9.8 for EG 310 (GD
421), 9.6 for EG 86 (HZ 21), and 9.7 for EG 304 (GD
561). The cooling times for the hottest degenerates

8
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F16. 2. M, as a function of B—V; the >:
scatter is £20.62, and is probably increased by =
the effect of Hy in DA stars. The DA stars are 3
slightly displaced, systematically to the right, B 7
or above the DB. Somewhat larger deviations =
occur in DF or DC stars, possibly from line =_
blocking. 8 |
3 |
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must be very short, since they are quite rare in space.
Among the 178 stars in Table V not one has M 35> 15.7,
the luminosity of the long known GL 812B, EG 202.
Extremely cool, faint degenerates have therefore not
been found in the MC survey of stars of large proper
motion. Over 30 stars have been added with M; g> 13,
and these will be worth measurement, both for parallax
and circular polarization, which seems relatively
common among the fainter stars. Fuller discussion of

the statistics of luminosities and temperatures of
frequency in space will, it is hoped, appear in the near
future. Figure 6, however, is the observed fiequency
distribution of M, g5, derived from data on 178 de-
generate stars in Table V. The median observed My g5
is 4+12.2. The counted number per half-magnitude
interval is shown as ¢ (M), uncorrected for selection
effects in discovery, or for volume of space surveyed.
Clearly, the sample begins to be incomplete at M >11.5.
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F16. 4. M1.55 as a function of U—7V,
B shows a better correlation than Fig. 3,
but the separation of the hydrogen-rich
DA stars persists.
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F1G. 5. M1.35 as a function of G—R is a generally most useful correlation, with ¢=20.58. Model-atmosphere calibration of the fitted
cubic in terms of temperature is not as good as for G—1I, because of the relatively larger effect of errorsin the fluxes computed from

the models.

From cooling theory, the true luminosity function
(M) should increase roughly as L=57. Between M =10
and M =15, ¢ (M) should increase by 107 or 27 times.
The volume is reduced by 1000, so we should see 0.027
as many stars at + 15 as at +10. The detection of any
degenerate star at M= 15 shows how strongly selection
has been favoring red degenerates, by search among the
yellow or red proper motion stars.

I1I. ASTROPHYSICAL IMPLICATIONS

The figures displaying the color-magnitude diagrams
for the parallax stars show that the hydrogen-rich and
helium-rich stars follow generally the same course
except for differences obviously caused by the hydrogen
spectrum itself. Only one star (open triangle) HG7-255
(EG 38) which is a composite DA+dMe is grossly
displaced from figure to figure, dependent on which
color is used. The polarized stars (symbol Y) are known
to have distorted continua, yet lie near the mean curves
in the G—17 and G—R plots. The DA stars (octagons)
are near the mean curves in G—I and G—R, are
somewhat displaced (upwards or to the right) in B—V.
It is impossible to find a useful locus in the M, U—B
and M, U—V plots for the DAs. In fact, over a con-
siderable range of temperature (600015 000°K) brack-
eting the maximum strength of the Balmer jump, U—B
remains nearly independent of T, while the luminosity
increases as T If all stars had the same radii this would
cause a displacement and scatter among the DA stars in
the U—B and U—V plots, as observed. There is a small

displacement, depending on composition in the M,
B—V diagram. Cool stars with metallic lines (DF-
DG-DK) may also be displaced from those with very
weak lines (DC) by amounts which apparently increase
towards the ultraviolet. Investigation of M, R—1I and
M, R*—I* fails to reveal any interesting displacements,
but for these the color range is small and the available
colors are too few.

Model-atmosphere analyses of narrow-band colors
and scans of white dwarfs, study of their continua and
line profiles, suggest that there is only a small range
in log g, for the DA and a few DB studied. The known
masses cover a range of 2.5 so that the radius might
decrease by this factor between a star like 40 Eri B
and @ CMa B. At a fixed temperature, this range of
radius produces two magnitudes total range in bolo-
metric luminosity. We can now say that the typical
range in luminosity (i.e., mass) from the parallax stars
is less than this, from the spread in the Figs. 1, 2, and 5.
Is there any systematic variation in radius with lumin-
osity or color? Can we account numerically for the

TasLE IV. Coefficients of polynomial fits My, color.

My )
from Co C: C Cs o  Figure
G-I 13.421 2.2011 —0.9037 0.3262 0.559 1
G—R 13.290 2.8195 —1.3313 0.5775 0.584 5
B—V 12.593 5.1894 —3.9600 1.4742 0.623 2
U—V 11.797 2.8823 —0.5187 —0.0251 0.830 4

.
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F16. 6. The luminosities, M 55 of 178 degenerate stars with MC
scans provide a histogram of the observed frequency function
Y(M), N(M+0.25)—N(M—0.25) uncorrected for volume of
space. In spite of the greater distances over which they are visible,
very hot, luminous blue degenerates are rare. The discovery
probability of yellow degenerates (T'<7000°K) is low, and in
spite of extensive search, few are yet known.

location of the least-squares fit to the parallax stars?
Given the large range in composition we expect differ-
ential line or band blocking to affect the colors. Since
the first-order effect in Figs. 3 and 4, the Balmer jump,
involves the H/He ratio, we will not try and explain
those relations.

It is possible to use a coarse network of presently
available model atmospheres to predict the G—R, G—1
colors for an assumed Tes. The horizontal axes of the
figures can then be labeled by Tes; if we assume a
radius we obtain the luminosity, i.e., Myo1, and need
only the bolometric correction to obtain Mjg. In
particular, model atmospheres often give fluxes normal-
ized as F,/F(1.85), and the absolute value of the flux,
F(1.85), making the bolometric correction simple. The
stars in these figures cover a range of at least 5000-
50 000°K; at the low Tess end only few and uncertain
models exist; at the high Te; end, the colors cease to
vary and T is poorly determined. For the degree of
precision here necessary, I could use Shipman’s (1972)
models (for DO, DB, and DA) from his thesis, which
cover a wide range of T, and also some cool unpub-
lished models (1976). Comparison with models in the
7000-12 000°K range by Wehrse (1975) shows general
agreement except near 10 000°K, where a mean value
of the deduced color was taken. More careful study of
the details of the color—Tes: relation will be required
when the entire scan, rather than a few monochromatic
magnitudes are fitted. The luminosity of a blackbody
at T4 (in units of 10 000°K) and radius R; in units of
102 Ry is

L=3.451X10%T {Rs2. (2)
Adopt Mpa1(©)=+44.67, Lo=3.82X10% erg sec?,
T(©)=0.5717, '

L
Mbol= —% IOgm —_ +4.67
Lo
=12.28—101og T;—5log R,.  (3)
The My. values are given in Table VI, for R,=1.2, a
value which makes the average residual zero. The G—1

L. GREENSTEIN

and the bolometric corrections, B.C., from Shipman’s
models (which he kindly provided) are also given in
Table VI. This permits us to compute M1 s5(model),
which are compared with M g;(cubic), the value
obtained when the G—I computed from the model is
inserted in the cubic equation given in Table IV, and
fitted to the observations in Fig. 1. The differences
0—C, M, gs(cubic) — M, gs(model) are given in the last
column. They are small and do not show any large trend
over a tenfold change in 7', i.e., a change of 10* in
luminosity. The mean deviation is 40.21 mag, sur-
prisingly good, since G—I colors predicted from
Shipman and Wehrse sometimes differ by 0.10 mag.
The radius may not be completely determined, depend-
ing on the B.C. Comparison is possible with ATLAS
models by Kurucz, Peytremann, and Avrett (1974) for
main-sequence stars (log g=4.5). Their absolute cali-
bration through the solar flux is quite different, and
their minimum B.C. is near zero at 8000°K ; Shipman’s
minimum B.C. is 0.24 for a cool model in which H,
opacity dominates. However, decreasing the B.C. by
0.20 mag changes the meanradius only to 1.09X 102 R,.
If we repeat this process using G—R colors, the result
is less satisfactory, probably because of errors in the
colors of models. The fit is poor at high 7" when the
G—R rapidly approaches the Rayleigh-Jeans-law limit.
In resumé, the parallax data define a relatively narrow,
single sequence in suitable color-magnitude plots. Even
at the extremes of temperature, the degenerate stars
can be understood as a cooling sequence of constant
mean radius. The very hot, luminous stars like HZ 43
and G191B2B fit this cooling sequence. The young
(<3X10" yr) DA, EG 25 (LB 1497) in the Pleiades
(Luyten and Herbig 1960), has its membership con-
firmed by Jones’ (1973) proper motion study. Its
photometry lead to predicted M= 10.41, while its
cluster membership gives M=11.00, well within the
scatter observed in the parallax sample. Thus neither
high bolometric luminosity nor youth cause large
deviations from the mean radius. The present parallax
sample does not include hot subdwarfs. Blanketing
vectors may differ for different composition, without

TaBLE VI. Prediction of M g5 for degenerate stars hydrogen
models, log g=8, R=1.2X10"2Rp.

~From models M1‘85 ‘ Ml‘&’) o0—-C
T, Mol B.C. G—1 model  cubic m
0.5 14.90 0.34 0.90 15.24 14.92 —0.32
0.6 14.11  0.24 0.40 14.35 14.18 —0.17
0.7 13.44 0.30 0.14 13.74 13.71 —0.03
0.8 12.86 0.36 0.00 13.22  13.42 +0.20
0.9 12.35 0.42 —0.18 12.77  12.99 +40.22
1.0 11.89 0.48 —0.34 12.37 12.55 +40.18
1.2 11.10 0.77 —0.57 11.87 11.81 —0.06
1.4 10.43 1.16 —0.71 11.59 11.28 —0.31
2.0 8.8 2.09 —0.85 10.97 10.69 —0.28
2.8 7.42 295 —0.94 10.37 10.27 —0.10
3.7 6.15 3.52 —1.04 9.67 9.78 +40.11
5.0 4.90 4.49 —1.08 9.39 9.57 +40.18
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substantially affecting this agreement, as long as we do
not use colors sensitive to the Balmer jump.

IV. DATA ON LUMINOSITIES, MOTIONS, PARALLAXES
FROM MC COLORS

We have used the data of Table II without full
description. The data are star name; 1950 position;
proper motion (MU) in seconds of arc/yr and position
angle (TH); Lowell color (L.C); reduced proper motion
H=m1.85+51og u; quality of MC scan (Q); the
number 1 under P if a parallax exists; / to U, mono-
chromatic magnitudes on the Oke AB scale; R*—TI*
color; M1 and M2 line indices described below; type
of spectrum; EG or Gr number; transverse motion T,
in kilometers/sec from the photometry and REF
described below. In Table III the colors from Table IT
are given explicitly for stars of known parallax. EG or
Gr numbers, used in Tables II, ITI, and V permit
reference from table to table, and are, of course, not
in serial order. In classification of type, the appearance
of the scan was used, i.e., visibility of hydrogen, helium,
or metallic lines. To quantify the latter, two line
indices were developed for main-sequence and de-
generate stars. They measure in hundredths of a
magnitude the Mg 1 and MgH features (M1) and the
Ca 11 and Hf (M2); they require special measures at
1/A=1.94 (\5155) and 2.58 (A\3876):

M1=[1.94]—0.5([2.12]+[1.85]), (4)
M2=[2.58]—0.5([2.80 H+[2.35]). (5)

The MC has lower resolution than the prime-focus
spectra I used, and classification is rougher, since
features below 3-A equivalent width cannot be seen.
Thus weak-hydrogen-lined stars (formerly DAwk or
DAss) may be classified as DC and weak Ca 11 lined
stars (DA, F, or DF) may also be called DC. If cool
degenerate stars had normal metal abundances the
Mg features would produce positive M1. In fact,
abundances are so low that M1 is near zero except for
the strange DG star (M1=48) Gr 391 (G165-7). The
M2 index is positive (=20) for DA stars because of H{
but is large (44 and 89) for DG stars (EG 5, 391) which
have no Balmer lines. Cool degenerates have slightly
positive M2 even when A\3933 is not seen on the scans.
Color—color and line—color ‘relations will be studied
elsewhere, but the data in Table II should suffice to
justify classification as degenerate, based on the MC.

From the colors in Table II the three polynomials
fitted above to the parallax stars predict My for 178
stars. These and the resulting T" are computed, used
in Tables IT and V to compute parallaxes (in 07001)
P (ptm) and also space motions in kilometers/sec,
U (positive away from the galactic center), V (in the
direction of galactic rotation), and W (towards the
north galactic pole). Table V also includes trigonometric
parallaxes and notes. If a sdB or sdG star has been

erroneously called a degenerate, its U, V, W will be
outstandingly small. Conversely, if a degenerate star is
not recognized, its U, V, W will be too large. While
some of the latter stars have MC scans, they are mostly
not in this list; an example of what Eggen calls RSL
(red subluminous) is EG 320 (LTT 2437), for which I
predict 07111 parallax, if it is degenerate, and T'=11
km sec™’. If it is an ultra-weak-lined sdG, My=5.4
and T="772 km sec™?, resulting in W=+724 km sec™,
i.e., far above the escape velocity.

Some stars previously called degenerate, i.e., with
EG or Gr numbers are not degenerate, or are in com-
posite systems for which MC colorimetry cannot be
used, i.e., EG 309, 20, 21b, 27, 38, 388, 91, 359, 363,
136, 336.

Inspection of Table V shows that the photometric
parallax has o[ P(ptm)— P(trig) ]= £07014 [excluding
EG 11 for which P(trig) must be incorrect]. The effect
of line blanketing on colors is quite large for some stars,
for example, EG 5 (DG), EG 24, 182 (A\4670), EG 100
(DK), EG 372 (DXP). Omitting these and some with
poor P(trig), EG 340, 111, 196, the dispersion ¢[ P (ptm)
— P(trig) ]J==0.010, about =4-0.007 in each source,
which seems reasonable. For prediction of objects worth
the effort of trigonometric measurement, Table V has
reasonably small error.

A few stars deserve remark. The critical DB stars are,
unfortunately, likely to have small P, the largest being
07024. Several magnetic polarized stars DP have
unmeasured but large parallaxes; EG 333 has so large
a blanketing that its P might be as large as 07045.
There are 18 stars with My>13.5 which have no
P(trig); their (P(ptm))=07048 and they are mostly
cooler than 7000°K.

The space motions, either as T or U, V, W show a
remarkably low-velocity characteristic. The median T
is 48 km sec™!, and less than 109 exceed 100 km sec™;
39, are halo-type motions (7> 150 km sec™). Analysis
of the U, V, W gives

(Uy=+11£3, o(U)==43,
(Vy=—=23+3, o(V)==x36,
(Wy=— 5£2, o(W)==26.

With reversed sign these give a solar motion almost
identical with that of solar-type main-sequence stars,
as given by Delhaye (1965), although the dispersions
are appreciably larger. According to Delhaye an em-
pirical linear relation exists between ¢*(II) and ©; the
white dwarfs fall on that relation, suggesting a rather
uniform density. The ¢(W) would permit oscillation
up to 400 pc. More realistic examination of the distri-
bution of U, V, W suggests that the white dwarfs
belong to both the young and old disk, but also, very
rarely to the halo population. Take the critical velocity
coordinate V; two stars have V>+40 km sec™?, and
two have V< —200 km sec™. | U| exceeds 100 km sec™
for seven stars; | W |>60 km sec™! for five stars, which
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would carry them nearly to 1 kpc from the plane. Thus,
in spite of the selection favoring high-velocity stars
and in spite of the very long cooling life times for
degenerate stars, the halo population fraction in this
sample is estimated to be at most 29, or 3%,.
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